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INTRODUCTION 

Many  farms  in  the  Great  Plains  are  large  and  a  relatively 
high  percentage  of  the  land  is  used  to  grow  so  called 
"fattening"  grains  compared  with  the  average  used  for  high 
protein  grans  and  roughages.  The  fattening  grains  include 
corn,  milo,  and  barley.  The  high  protein  crops  include  oats 
and  alfalfa.  This  results  in  a  substantial  surplus  of  fatten- 
ing grains  over  the  quantity  needed  to  fatten  cattle.^ 
Cattle  feeders  in  the  Great  Plains  feed  part  of  the  surplus 
grain,  together  with  a  considerable  quantity  of  roughage  to 
stocker  and  feeder  calves  that  have  been  raised  in  the  south- 
em  or  western  farm  pastures. 

The  economic  efficiency  of  feeding  grain  concentrates 
to  stocker  cattle  warrants  serious  stu«3y  in  Kansas  as  beef 
is  a  leading  source  of  income  and  there  is  am  abundant  supply 
of  grain.  The  inventory  of  cattle  in  Kansas  is  eight  percent 
higher  in  1966  than  the  1960-1964  average.  Feed  costs  in 
cattle  rations  constitute  from  seventy-to  ninety  percent  of 


A.  6.  Nelson,  Reta^ipyt  Q£.  fsafi  Consumed  ^  Food  Pro- 
jdusj^  J^  Cattle  Feeding.  USD&  Technical  Bulletin  900,  Sept. 
1945,  p.  2. 


the  total  cost  o£  production.  Any  steps  toward  improved  e££l-  ! 
ciency  of  the  cattle  ration  will  make  important  contributions  ' 
to  individual  farmers  and   the  consumer  economy. 

There  etre  a  number  of  questions  concerning  the  wintering 
of  cattle  in  those  areas  vAiere  grain  is  in  surplus.   In  the 
first  place «  market  demand  for  high  quality  beef  has  necessi- 
tated a  reasonable  degree  of  finish  and  secondly*  financial 
considerations  require  the  production  of  acceptable  carcasses 

2 

With  a  minimum  use  of  expensive  feeds. 

Even  though  acreage  in  grain  crops  is  increasing*  Kansas      | 
remains  productive  in  forage  crops.   Forage  is  an  integral 

part  of  the  crop  and  farm  organization  on  soils  in  the  Great 

1 

Plains.  Grasses  and  legtames  cam   contribute  to  an  efficient 

agriculture  in  two  wayst  First,  they  have  indirect  value  in 

increasing  crop  yields  due  to  fertility  and  conservation 

effects.  Second,  they  have  a  direct  value  as  a  primary  crop 

which  can  be  used  in  producing  a  secondary  product  as  live-        , 

stock. 

With  the  upsurge  in  cattle  feeding  in  the  Great  Plains 
area,  together  with  the  abundant  supply  of  grain  and  roughage. 


Tl.  H.  Black,  et  al,  Fattening  Steers  on  Milo  in  the 
Southern  Great  Plains.  USCA  Technical  Bulletin  847,  April, 

1943,  p.  2. 


cattls  producers  have  exprtssed  a  nMiil  for  a  iMittar  undar* 
standing  of  the  aconoailc  relationships  of  roughage  and  grain 
•qaivalanta  ia  b««f  production.  The  purpoiM  of  this  stad()r  !• 
to  axanine  physical  relationships  of  different  wintering 
rations  and  deteraiae  the  leautt  cost  coiabinationc  of  rations 
used  in  wintering  cattle.  Thus  the  research  dials  with  the 
econonic  implications  of  the  physical  relationships  of  differ- 
ent feeds  and  their  utilisaticm.  The  basic  relationships  are 
expressed  in  the  fozTB  of  production  functions. 

There  are,  of  course «  as  sMuiy  feed-meat  pro<!hiction  func- 
tions as  there  are  classes  and  capacities  of  livestocdc.^  A 
certain  quantity  of  livesto€tK  can  be  produced  with  nany 
roughage-grain  coaabinations.  To  complicate  the  research*  beef 
can  be  produced  with  forages  alone  and,  hence  unless  the  price 
relationships  are  favorable,  the  use  of  grain  may  be  found 
econonically  dependsnt  on  the  variables  of  ti«e,  quality, 
price  of  grain,  and  price  of  beef. 


3 

Earl  O.   ]i6a<^,    IfiQjMRtAffig  SiA  MBC4.<S¥il1imr»3.  grofiuctlQa 
BllfiUCSa.  J2ia.*      (Sew  Jerseys     Prentice-Hall,    1957),   p.  72. 


CmPTER  I  i 


} 


STATEMENT  OF  THE  PROBLEM 


The  probleiB  thiss  study  attempts  to  solve  is*  what  com- 
bination of  roughage  and  grain  should  be  used  in  economically 
wintering  feeder  steers?  Results  of  the  research  apply  to 
only  a  limited  interval  in  the  growth  range  of  a  beef  steer,       I 
i.e.,  from  450  to  700  pounds.  i 


CHAPTER  ZZ 
SOURCE  AND  COmACTERISTZCS  OF  THE  EATA 

The  data  Include  infonaation  from  thlrtynine  separate 
Anioial  Husbandry  feeding  experiiaents  at  Kansas  State  Univer- 
sity obtained  from  feeding  records  and  from  Feeders'  Day  Pro~ 

4 
gress  Reports  covering  the  period  from  1948  to  1958. 

The  feeds  were  converted  to  a  standard  hay  or  grain 

equivalent  based  on  the  nutritive  value  of  corn  placed  at 

100  percent.   These  equivalents  were  derived  from  those  used 

in  previous  attempts  to  analyze  beef  production  fimctions. 

TABLE  1 

RELATIVE  FEEDZH6  VALUES  OF  A  POUND  OF  FEED^ 

SsaJjEUL  Percent 

1*  Corn  100 

2.  Grain  Sorghum  |§ 

3.  Barley  M 

4.  Oats  81 


4 

AoiUULl  ;'iV§ffti9€H  Feeders '  ^^  Progress  Reports.  Kansas 
Agricultural  Experiment  Station  Circulars,  (36th  Annual  Report 
through  the  45th  Annual  Report),  Kay,  1949  through  May,  1958. 


5.  Wheat  105 

6.  Bran  84 

7.  Shorts  94 

8.  Molasses  Feed  76 
9«  BlacX  Strap  Molasses  €7 

10.  Svrset  Lassie  100 

11,  Tarkio  100 


1.  silage  dry  equivalent  "  30%  of  total  »et  veight 

in  pounds. 

2,  Hay  dry  equivalent  ■  Given  in  dry  weight  in 

pounds. 

3«     Total  dry  roughage  *  Silage   djry  equivalent  plus 

hay  dry  equivalent. 


W4nt$ff4nq  steer  Calves.  An  Unpublished  Report  for 
Credit  in  Agricultural  Economics  Problem,  Kansas  State 
University,  Manhattan,  Kansas,  Fall,  1960. 


Table  2  shows  the  data  from  Feeders'  Day  Reports  1948 
through  1958  used  in  this  research.  The  lot  number  is  a 
number  assigned  by  the  Agricultural  Economics  Department  of 
Kansas  state  Iteiversity  for  this  study.  The  actual  gain  per 
head  per  day  for  the  respective  lot  number  and  feeding  period 
is  given  in  Column  4  of  Table  2.   The  final  column  indicates 
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the  calculated  average  dally  gain  per  head  from  the  regression 
equation  derived  from  this  research* 

Data  froai  feeding  records  for  twenty-one  lots  used  for 
50-^ound  weight  interval  analysis  are  in  Appendix  Table  1. 
This  part  of  the  study  did  not  produce  conclusive  results, 
but  is  presented  as  a  matter  of  interest.   Table  3  shows  the 
actual  hay  equivalent  and  grain  equivalent  in  the  twenty-one 
lots  studied  in  the  respective  fifty  pound  gain  intervals. 
These  hay  equivalents  and  grain  equivalents  were  coraputed 
froa  information  listed  in  Appendix  Table  2  showing  the  total 
hay  equivalent  for  the  fifty  pound  production  intervals,  the 
hay  equivalent  per  one  poimd  of  beef  gain,  the  total  grain 
equivalent  for  fifty  pound  production  interval,  and  the  grain 
equivalent  per  pound  of  beef  gain.   Table  3  indicates  the 
respective  weight  intervals  in  relation  to  progressive  increases 
in  roughage  equivalent  usagd.   Information  from  Table  3  is 
plotted  in  Figures  1  through  Figure  6. 
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TABLE  3 

H&Y  £QUZV^L££1T  AND  GHABJ 
TO  WEIGHT 

EQUIVALENT   IS  RELhTlQS 
INTERVALS 

400-450 

Pounds 

450-500 

Pounds 

Hav 

^H4Y1kl«nt 

lax 

Pq«iv»4ent 

153.0 

83.0 

160.0 

161.5 

155.5 

85.0 

160.5 

147.5 

224.0 

0 

245.5 

115.0 

228.5 

0 

250.0 

96.5 

248.0 

110.0 

253.5 

119.0 

252.5 

d 

280.0 

121.0 

260.5 

0 

377,0 

139.0 

278.5 

145.0 

388.5 

66.5 

297.0 

106,0 

390.0 

0 

342.5 

0 

402.0 

0 

360.0 

0 

404.0 

e 

401.0 

75.7 

406.5 

69.0 

450.5 

96.5 

475.0 

e 

463.3 

0 

482.5 

0 

516.0 

0 

500.0 

• 

574,0 

0 

624.0 

0 
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TABLE  3  -  CONTINUED 

BAY  EQUIVALENT  AND  GBAIM  EQUIVALENT  IN  REIATION 
TO  WEIQHT  INTERVALS 


400-450 

Pounds 

450-500 

Pounds 

Hay 

l^uiYAlsnt 

581.2 

0 

1090.0 

0 

1095.0 

0 

1145.0 

0 

500-550 

Potuids 

550-600 

Pounds 

Eq^4Y?^l,§nt 

Ecmivalent 

Eq^AYflA^nt 

EgmvaUnt 

197.0 

78.5 

184.5 

112.5 

211.0 

107.0 

191.5 

115.0 

219.5 

126.0 

194.5 

117.5 

221.5 

127.5 

225.0 

130.0 

237.0 

147.0 

300.0 

127.0 

332.0 

193.5 

306.5 

122.0 

367.5 

137.5 

376.0 

152.5 

375.0 

70.0 

426.5 

75.0 

424.0 

0 

470,0 

0 

u 


TABLE   3   -  CONCLUDED 

HAY  ECUIVRLEI3T  AND  GRAIN  EQUIVALEOT   m  RELATICffiT 
TO  WEIGHT   INTERVALS 


500-550 

Pounds 

550-600 

Poiinds 

536.0 

87.7 

697.0 

201.5 

653.5 

0 

732.0 

0 

966.5 

0 

1221.5 

0 

600-650 

Pounds 

650-700 

Pounds 

Hav 
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FIG.  1 

Amounts  of  Grain  and  Hay  Used 
in  Twenty-one  Lots  to  Produce 
Four  Hundred  Fifty  Pounds  of  Beef 
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FIG.   2 

Amounts  of  Grain  and  Hay  Used 
in  Twenty-one  Lots  to  Produce 
Five    Hundred     Pounds    of    Beet 
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FIG.   3 

Amounts  of  Grain  and  Hay  Used 
in  Twenty-one  Lots  to  Produce 
Five  Hundred  Fifty  Pounds  of  Beef 
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FIG.  4 

Amounts  of  Grain  and   Hay    Used 
in   Twenty- one   Lots    to   Produce 
SIX    Hundred     Pounds    of    Beef 
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FIG.    5 

Amounts  of  Grain  and   Hay    Used 
in   Twenty-one    Lots    to  Produce 
Six    Hundred  Fifty  Pounds  of  Beef 
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FIG.  6 

Amounts   of  Grain  and  Hay    Used 

in  Twenty- one    Lots   to  Produce 

Seven  Hundred     Pounds    of     Beef 
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TBSTS  OF  SZGMZFXCAMCE  ON  £XP£RINEMiaU«  £U\%A 

statlBtlcal  tests  were  computed  to  determine  %ffhether 
year  to  year  variation  had  an  effect  on  output.  Specifically, 
it  was  necessary  to  know  if  the  different  years  had  any  signi- 
ficant effects  on  the  rate  of  gain. 

Tna  nathematical  model  used  is  as  follows i 

1.  y  «  y  4  by;^  2(Xi  -  xi)  +  by2.1<*2  "  ^2) 

Where  t 

Y  is  the  estimated  value  of  specific  Y,    daily 
gain  in  pounds,  given  values  for  x,  and  x,, 

y  is  the  constant  value  intercept  point  on 

Y  axis, 

byj^  2  ^*  tJ^  partial  regression  coefficient 
of  Y  on  x  independent  of  X2,  representing 
Zi   or  grain  equivalent  in  pounds, 

by 2.1  i«  tbe  partial  regression  coefficient 
9.t  y  on  X2  independent  of  x  ,  representing 

JL 
X2  or  hay  equivalent  in  pounds. 


George  W.  Snedecor,  statistical  Methods.  (Ames:   Iowa 
State  University,  1956),  p.  417. 
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This  plane  v«as  fitted  to  the  observed  points  by  the 
method  of  least  squares.  This  method,  generally  used  in 
statistical  analysis  states  that  the  sum  of  squares  of  verti- 
cal distances  from  the  regression  plane  to  the  observed 
points  shall  be  a  minimura.  The  procedure  of  least  squares 
computation  is  shown  in  Appendix  IZ. 

To  summarize,  statistically  years  have  no  effect  on  the 
rate  of  gain  over  the  ten  year  period  chosen  in  this  study. 
The  regression  equation  indicates  that  the  amount  of  daily 
gain  (Y)  increased  an  average  of  .1775  pounds  for  each  pound 
of  grain  equivalent  and  decreased  -.0176  pounds  for  each 
pound  of  roughage  equivalent  consumed.  This  analysis  is 
based  on  daily  gain  for  the  entire  feeding  period. 

Since  it  is  not  logical  for  the  use  of  roughage  to  be 
associated  with  negative  gain,  the  significance  of  the  -•0176, 
i.e.,  the  regression  coefficient  for  X2  (roughage)  was  tested 
by  use  of  the  "t"  test.  The  procedure  for  using  the  "t**  test 
is  shown  in  Appendix  II.   It  was  concluded  that  the  rate  of 
daily  gain  on  these  beef  cattle  depended  on  the  amount  of 
grain  fed  in  their  wintering  ration.  This  statistical  result 
is  derived  from  the  physical  input-output  relationship  and 
not  on  a  comparison  of  relative  costs  of  grain  and  forage. 
The  "t*  test  indicated  the  probability  is  less  than  .001  for 
the  -.0176  coefficient  to  have  significant  effects. 
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QUHLIFlCATiaS   OF  OiTK 

In  the  thirty-nine  lots  analyzed  £or  daily  gain,  soiae 
differences  also  existed  in  the  amoiint  of  protein  consvuDed 
per  animal  under  various  experiments.  While  attempts  were 
made  to  include  protein  as  a  variable  in  the  production  func* 
tions«  it  Mfaa   generally  impossible  because  of  the  small  num- 
ber of  observations  and  thus  degrees  of  freedom. 

Interpretation  of  results  obtained  with  experimental 
animals  fed  in  groups  is  often  complicated  by  variations  in 
performance  of  individual  animals.  The  intake  of  insufficient 
essential  nutrients,  including  vitamins  and  minerals,  may 
result  from  a  lack  of  appetite.  Sickness  and  timidity  may 
retard  the  growth  rate  of  animals.   Competition  of  animals 
may  encourage  the  cattle  to  eat.  There  is  a  difference  in 
capacity  to  consume  and  to  utilize  feed  efficiently.^ 

Although  there  is  considerable  information  available  on 
the  feed  lot  performances  of  steers  fed  rations  containing 
different  proportions  of  concentrates  to  roughages,  there  is 
little  information  on  the  effect  of  grain-roughage  ratios  on 
the  digestibility  of  different  nutrients. 


6 
D.  Richardson,  "Effects  of  Roughage -Concentrate  Ratio 
in  Cattle  Fattening  Rations  on  Gain,  Feed  Efficiency,  Diges- 
tion and  Carcass, "  Journal  Animal  Science.  May  1961,  20t316- 
318. 
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Grain  is  not  only  a  substitute  for  forage  in  producing 
neat*  but  also  is  generally  a  substitute  for  tinw.   In  order 
to  attain  the  sane  degree  of  carcass  quality,  it  is  necessary 
that  roughage  fed  animals  be  carried  to  a  heavier  weight  than 
those  fed  grain  in  the  wintering  ration.   Forage  and  time  may 
be  considered  technical  complements  which  together  substitute 
for  grain.  A  shorter  time  span  is  required  for  an  animal  fed 
a  "high-grain"  ration  than  one  fed  a  "high-roughage"  ration 
in  ascertaining  a  given  output  of  product  of  a  specific  grade. 

The  final  solution  of  the  problem  may  depend  on  esta- 
blishing the  nature  and  rate  of  substitution  of  various 
forages  for  tine,  labor,  and  other  capital  resources  in  addi- 
tion to  grain. ^  By  recognizing  all  other  independent  varia- 
bles and  holding  them  constant  for  this  study,  it  is  assumed 
the  influence  of  these  other  variables  does  not  invalidate 
the  results  of  this  study. 

REVIEW  OF  LITERATURE 

It  is  interesting  to  note  that  in  most  feeding  experi- 
ments, the  cattle  fed  the  ration  containing  the  highest  levels 


7 
Earl  O.  Heady,  "Diversification  in  Resource  Allocation 
and  Minimization  of  Income  Variability, "  Journal  Farm  Eco- 
nomics. Nov.  1952,  34t482-496. 
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of  concentrates  did  not  In  all  cases  produce  the  largest 
gains.  Generally  cattle  fed  rations  containing  two  or  three 
parts  of  concentrates  to  one  of  roughage  have  made  the  greatest 
gain* 

Stanley  (1953)  group  fed  steers  rations  containing  the 
following  concentrate  to  hay  ration t  2tl,  Itl,  Is 2,  and  lt3» 
Average  daily  gains  made  by  the  steers  fed  the  four  rations 

o 

respectively  waret   2.71,  2.66,  2.52,  and  2.46  pounds. 

Dowe,  fit.  ^,  (1950-1951)  reported  the  result  of  two 
group  feeding  trials  in  %Aiich  rations  containing  the  follov 
ing  proportions  of  concentrates  to  alfalfa  hay  were  feds 
Itl,  2sl,  3sl,  4tl,  and  5tl.  The  steers  fed  the  3 si  ratio 

laade  the  largest  gain  in  the  1950  trial  %Dhile  in  the  1951 

a 

trial,  the  steers  fed  the  2tl  ratio  made  the  largest  gains. 

Keith  jgj^.  ^.    (1952)  individually  fed  sixty  steer  calves 
and  forty  yearling  steers  rations  containing  the  following 
concentrate  to  hay  ratioss   ls2,  Itl,  2sl,  3sl,  4sl,  and  ls3. 
The  steer  calves  fed  the  ratio  of  concentrate  to  hay  of  2sl 
made  the  most  rapid  average  daily  gain  of  2.01  pounds.  The 


®T.  W.   Dowe,    "Effects  of  the  Com  Alfalfa  Hay  Ratio  on 
the  Digestibility  of  the  Different  Nutrients  by  Cattle," 
j£2U£aal  Afiimftj.  Sci§n<;^,    May   1955,    14t340, 
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yearling  steers  fed  the  3:1  ratio  made  the  largest  daily  gain 
of  1.91  pounds.^® 

Cornell  (1952,  1953,  and  1954)  presented  the  results  of 
three  group  feeding  trials  in  which  fattening  steers  vere 
fed  rations  containing  different  ratio's  of  concentrates  to 
roughage.   In  the  1952  and  1954  trial  the  steers  fed  the  3il 
ratio  made  the  roost  rapid  gains  while  in  the  1953  trial,  the 
steers  fed  the  2tl  ratio  made  the  largest  gains. ^^ 

Richard,  Smith,  and  Cox  (1953)  group  fed  steers  on 
rations  containing  the  following  concentrate  to  hay  ratios 
Itl,  3:1,  and  5<1.  These  workers  reported  all  lots  made 
satisfactory  gains,  but  the  group  fed  3il  ratio  of  concen- 
trates to  roughages  nade  the  largest  average  daily  gain. ^ 

In  sunraary,  the  previous  studies  regarding  the  amount  of 
gain  for  wintering  rations  indicates  that  generally  steers 
fed  various  quantities  of  grain  concentrates  maOce  the  greatest 
gain.  Other  factors  of  production  not  analyseed  in  this 
research  influence  the  roost  efficient  use  of  grain  for  maxi- 
muin  output.   Because  of  these  other  factors  of  production. 


^°,fiiifl.,  p.  341, 
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the  greatest  gain  is  not  attained  when  steers  are  fed  rations 
containing  all  grain  or  even  very  high  levels  of  grain  to 
roughage.  Previous  research  reveal  that  there  is  a  combina- 
tion of  grain  and  roughage  amounts  necessary  to  physically 
produce  the  maxiaun  amount  of  beef  fr(MD  wintering  rations. 


CHAPTER  III 
THE  PRODUCTION  FUNCTION 

Production  of  beef  can  be  represented  as  a  functional 
relationship  in  the  manner t  Y  «   (H,  Q,   X^«  X2  .  .  .  X^) 
where  Y  refers  to  the  gain  per  beef  aniaaal,  v^ile  H  and  G 
refer  to  anounts  of  hay  and  grain  fed  respectively.  Other 
elements  or  resources,  represented  by  the  X's,  also  are  neces- 
saury  or  can  be  used  in  beef  production*  These  resources  can 
be  of  any  number  and  may  refer  to  capital,  protein,  or  any 
other  variable  in  beef  production. ^^  Only  hay  equivalents 
and  grain  equivalents  are  considered  as  variables  in  this 
research.  The  remaining  feeds  or  variables  were  considered 
(1)  held  constant,  or  (2)  not  present  at  all* 

An  illustration  of  a  hypothetical  production  surface  is 
shovm  in  Figure  7,  with  a  segment  labeled,  "wintering  phase." 
The  wintering  phase  applies  to  a  narrow  interval  in  the  total 
growth  range  of  beef  steers.  The  span  of  weight  is  from  450 
pounds  to  700  pounds.   It  is  expected  that  the  surface  will 
be  slightly  curvilinear  in  the  wintering  phase  of  growth* 


13 

Heady,  Eoonoroios  a£  Agrirn^^nrnl  Pyfif»ii^»-<r.r»  ^j^^ 

Resource  Ugg.,  p.  73. 
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FIG.    7 
Hypothetical    Production  Surface 
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The  rectangular  axes  Indicate  quantities  of  tw  feeds, 
roughage  and  grain  in  pounds  while  the  vertical  axis  repre- 
sents production  weight  per  calf  in  pounds.  Figure  7  pro- 
vides a  more  likely  hypotheses  for  cattle:  The  surface  is 
curved  in  both  vertical  and  horizontal  directions.  The  ver- 
tical curvature,  i.e.  lines  nib,  ab,  or  cb  vftiich  are  concave 
or  "curved  downward  rather  than  straight",  indicates  that  for 
any  particular  coabination  of  the  two  feeds,  there  is  dimin- 
ishing productivity  of  feed.  The  contour  lines,  fg,  hi,  and 
de,  are  iso~quants  showing  possible  combinations  of  the  two 
feeute  vfliich  will  produce  a  given  level  of  beef  output.  Since 
they  are  curved,  they  indicate  that  many  coajbinations  of  the 
two  feeds  can  be  used  for  any  one  gain,  but  increasing  anounts 
of  one  are  necessary  to  replace  each  pound  of  the  other  as 
proportions  are  changed, -^^ 

The  design  of  raany  feed  studies  does  not  directly  pro- 
vide an  estimate  of  a  contour  such  as  ab,  or  a  portion  of  the 
production  surface  deih,  however,  when  beef  cattle  are  given 


14 

Earl  O.   Heady,   si  Ai,   Sai£  P,ffP<;^^>itffg,S  jLa  Estimating 

laafl  SMt>Bt^1;^t:J,or)  JBfltafc  aM  la  Petgrainlng  Economic  Efficiency 

la  PqeK  Pycx^WtAon,    lowa  state  Agricultural  E..periraeut  Station 

Research  Bulletin  409,  May  1954,  p.  902. 
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additional  grain  and  are  alloved  to  select  their  ovm  forage, 
two  things  tend  to  happen t   (1)  the  animal  eats  more  grain  and 
less  forage  (a  movement  from  right  to  left  on  the  production 
surface)  and  (2)  output  increases  (a  movement  upward  between 
de«  fg,  and  hi«  because  the  beef  animal's  stomach  is  becoming 
less  of  a  limiting  factor) .  The  concentrated  grain  contains 
a  greater  amount  of  feed  nutrients  and  energy  value  than  equi- 
valent volume  of  hay. 

Thus,  the  curve  traced  out  may  be  neither  a  true  substi- 
tution contour  nor  a  true  input-output  relationship  (relation- 
ship of  pounds  of  gain  to  feed  input  as  the  latter  is  varied 
with  feeds  held  in  fixed  proportions)  but  tends  to  confound 
the  two.-*-   There  is  further  complication  of  the  substitution 
contour  and  input-output  relationship  when  meat  animals  sure 
not  carried  to  the  same  weight.  This  is  illustrated  by  the 
following  example. 

Suppose  three  lots  of  cattle  are  started  at  the  same 
weight,  indicated  by  contour  de,  and  are   fed  rations  indicated 
by  K,  L,  and  M,  in  Figure  7.  Nov/  if  the  first  lot  is  finished 


15 

Earl  O.  Heady  and  Russell  O.  Olson,  Substitution  Rela- 

t4i9nPhApg#    R^BO<M>Ce  ?^?q^irsHWfftff  SM  Income  Variability  Jji  J^ 
¥t4i4»ftt4.on  o£  Forage  Crops.    Iowa  State  Agricultural  Sxpari- 
ment  Station  Research  Bulletin  390,    Sept.    1952,   p.    892, 
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at  a  vreight  indicated  by  the  level  Z,    the  second  at  P,  and 
the  third  at  T,  the  two  relationships  are  again  concerned. 
Since  ration  T  involves  a  heavier  weight  than  P  and  Z,  the 
differences  in  feed  consus^tion  are  due  to  (1}  the  diminishing 
productivity  of  a  single  feed  combination  as  it  is  trans forned 

into  a  product  as  well  as  (2)  the  diminishing  rate  of  substi- 

17 

tution  of  one  feed  for  another  for  a  given  level  of  output. 

Thus,  the  substitution  is  at  a  dininishing  marginal 
rats  in  general;  each  added  unit  of  roughage  replaces  a  smaller 
quantity  of  grain  than  previously.  The  level  or  rate  of  sub- 
stitution clianges  with  each  coinbination  of  the  two  production 
eloinenta.  The  phenozoen  of  decreasing  toarginal  productivity 
of  variable  resources  applied  to  single  units  of  livestock  is 
easily  explained.  For  the  zoeat  producing  aniioals  such  as 
beef«  the  output  per  animal  can  be  increased  only  by  carrying 
the  animal  to  heavier  and  heavier  weights.^® 

For  the  total  gain  per  animal,  and  for  daily  gain,  the 
product  iso~quants  may  fall  within  a  set  of  boundsirios  or  a 
boundary  nay  exist  on  one  side.  Physiological  factors  such 


^%eaQy,  ^?9fl9M;i,gs  ^  ^qf  AffUAtWytJi  Production  ^j^ 
Resource  ys.g .   p.  73. 
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meat  grade,  stomach  capacity,  mlnlmiim  £orage  intake,  maximum 
grain  Intake,  help  set  these  expansionary  limitations.  The 
boundatrles  are  Indicated  geometrically  when  the  respective 
l8o--quants  become  asymptotic  to  the  roughage  or  grain  axes. 
Because  of  the  complexity  of  the  analysis  herein  and  the  array 

of  data,  only  feed  Inputs  have  been  Included  in  estimates  of 

19 
the  production  function. 

The  feed  production  function  for  cattle  includes  mainly 

a  short  range  of  increasing  marginal  productivl^  and  a  wider 

20 

range  of  decreasing  marginal  productivity.    Increasing  mar- 
ginal productivity  of  feeds  exists  either  during  the  first 
part  of  the  growing  phase  or  vAien  the  ration  is  below  the 
level  required  for  maintenance.  The  marginal  product  shifts 
from  an  increasing  to  a  decreasing  nature  before  weaning. 
Therefore,  previous  gains  must  be  maintained  over  a  longer 
period  of  time  as  an  added  gain  of  fifty  pounds  is  made  late 
rather  tham  early  in  the  growing  period. 

While  the  factor-product  relationship  in  livestock 

feeding  is  mainly  one  of  decreasing  marginal  feed  productivity, 

21 
decreasing  total  and  negative  marginal  returns  prevail. 


^.   W.   Dowe,   5ja»    clt..    p.    340. 
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Heady,    pcoi>orol9|B  q£.  Agricultural  Production  ^o^  Resource 

Use,    p.    72. 
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"Perhaps  substitution  rates  are  linear  within  soae  ranges  of 

22 
livestock."    Haxinum  feed  Intake  and  maxinuin  output  is 

possible  only  as  grain  is  substituted  for  forage. 

In  summary,  an  understanding  of  the  production  function 

for  wintering  steers  provides  the  setting  for  this  research. 
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^Earl  O.  Bea<^«  "A  Production  Fiinction  and  Marginal 
Rates  of  Substitution  in  the  Utilization  ofFeed  Resources  by 
Dairy  Cows."  Journal  of  Farm  Economics.  Nov.  1951,  33  3486. 


CGAPTER  ZV 
RESULTS  OF  THE  RESEARCH 

The  results  of  the  research  consist  of  (l)  the  derived 
physical  relationships,  and  (2)  the  economic  relationships  of 
factors  of  production. 

THE  DERIVED  PH^TSICAL  REIATIONSHXPS 

The  purposes  of  analyzing  the  feed  input~output  relation- 
ship vras  to  estimate  the  actual  regression  plane  including  the 
relationships  at  various  weight  intervals.  Graphic  analysis 
of  relationship  at  selected  weight  intervals  (Figures  1  to  6) 
appeared  to  be  inconclusive.  The  scattering  of  data  was  so 
diverse,  a  conmon  trend  line  was  not  apparent  for  each  weight 
interval.  Through  coniputer  analysis,  the  regression  plane  or 
production  siurface  was  determined  for  average  daily  gain  for 
the  entire  wintering  period  and  for  the  entire  winter  weight 
gain. 

FrcwB  the  experimental  results  for  the  initial  thirty- 
nine  lots  of  cattle,  regression  equations  were  derived  to  pre- 
dict daily  gain  per  head  for  vaying  quantities  of  hay  and  grain 
equivalent.  Three  different  regression  equations  were 

M 
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tested. 

(2)  Y  =  aH**^  G**2 

(3)  Y  =  a  4  bj^H  4  b2G  4  bjH^  4  b^G^  4  bjHG 

(4)  Y  =  a  4  bj^H  4  b2G  4  bj  €1 

In  the  above  equations  Y  refers  to  gain  per  head  per  day, 
a  Is  a  constant  value*  H  refers  to  roughage  equivalent  and 
O  refers  to  grain  equivalent.  The  b's  are  respective  coeffi- 
cients for  the  independent  variables  H  and  G. 

A  regression  equation  is  desired  which  (1)  allovrs  the 
gain  realized  frons  one  feed  to  depend  on  the  quantity  of  the 
other,  (2)  allows  diminishing  productivity  of  one  feed  by  it- 
self or  two  feeds  together,  (3)  allows  diminishing  rates  of 
substitution,  (4)  allows  the  product  contour  lines  to  become 
asymptotic  if  a  sufficient  range  of  observations  is  available. 

The  logarithmic  equation  does  not  allow  substitution 
rates  to  change  along  a  scale  or  ration  line,  but  allows  the 
feeds  to  become  limitational.  It  assumes  constant  elasticity 
of  production,  but  possible  diminishing  marginal  productivity. 
A  one  percent  increase  in  the  amount  of  one  feed,  the  other 
constant,  will  result  in  the  Seune  percentage  increase  in  output 
over  all  inputs.^* 


^^^!M'»    p.  490. 
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The  second  production  function  is  acceptable  when  consi- 
dering elasticity  of  production  and  changeed^le  substitution 
rates.   Zt  allows  for  a  changing  elasticity  of  production, 
as  well  as  diminishing  returns  for  inputs.   Since  the  regres- 
sion coefficients  for  the  roughage  (H)  and  grain  (G)  teraa 
are  positive  and  negative,  the  equation  indicates  possible 
increasing  or  decreasing  retiurns  in  part  of  the  range  of  obser- 
vations.  Thus  logically  the  function  may  be  acceptable  in 

25 

terms  of  previous  findings  of  diminishings  returns. 

In  the  third  equation,  the  productivity  of  one  feed  does 
not  depend  on  the  amount  of  the  other  one  which  is  fed. 

Of  the  three  regression  equations  used,  computer  infor- 
mation revealed  the  second  equation  to  best  fit  the  condition 
of  this  research.  Bowaver,  by  utilizing  daily  gain  infor- 
mation from  Table  2,   a  statistically  acceptable  regression 
equation  was  determined  for  the  entire  wintering  period. 

With  Y  as  daily  gain  and  H  and  6  as  pounds  hay  and  grain 
equivalent  respectively,  the  following  coefficients  were 
developed  for  the  production  functions 

(5)   Y  =  ,706533  -  .007513  H  *  .495437  6  + 

.0019475  H^  -  .01858  o2  -  .0243568  OH. 


^^Ibid. 
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The  statistical  eignificance  of  tha  above  coe£floients 
for  regression  is  shown  in  Appendix  Table  3.  A  coinparison 
of  Y  the  estimated  gain  to  the  actual  gain  Y  is  shown  in  Table 
2.  The  relationship  of  one  pound  daily  gain  to  vaurious  hay 
and  grain  inputs  is  shown  in  Figure  8. 

By  using  the  production  function  Y  »  .706533  -  .007513  H 
4  .4954370  4  .001948  H^  -  .024357  HO,  vdiere  Y  indicates  gain 
per  head  per  day«  H  indicates  hay  equivalent,  and  O  indicates 
grain  equivalent,  the  iso-product  curve  derived.  The  iso- 
product  equation  is  given  below  (equation  $)  for  1  pound  gain 

per  head  per  day. 

(6)   0  «  '495437  -   .024357  H  *   .000736H^~.Q24692H4. 223648 

.037160 

This  relationship  is  expressed  geometrically  in  Figure 

8.  Other  iso-product  curves  for  daily  gain  per  head  per  day 

other  than  1  pound  could  be  determined  but  were  not  in  this 

analysis.  Actual  gain  per  head  per  day  varied  from  .36  pounds 

to  2.09  pounds. 
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HfiRGmfO,  RATE  OF  SUBSTITUTION 

Marginal  rates  of  substitution  were   derived  £ron  the 

first  derivative  (equation  7)  of  the  iso-product  equation 

and  indicate  the  change  in  grain  equivalent  for  each  1  pound 

change  in  hay  equivalent.  The  equation  for  the  marginal  rates 

of  substitution  is  as  follows: 

(7)   dO  s  .655463  *  .019806H  -  .332239 

dH   *  .000736a2  -  .024692H  +  .223648 

Marginal  rates  of  substitutions  for  four  points  are 
•hovm  in  Table  4.   Figure  9  is  a  tvo  dimensional  diagram  incor- 
porating two  feed  price  ratios  typical  of  the  ten  years  studied. 
Economic  implications  are  discussed  in  a  later  section. 

Table  4  indicates  the  hay  equivalents  and  grain  equiva- 
lents for  various  feed  combinations  and  the  substitution 
relationships  in  producing  a  1  pound  gain. 

The  various  rations  result  in  utilization  of  different 
quantities  of  roughage  equivalent  to  grain  equivalent.   In 
Beady *s  study,  the  product  contour  equation  was  derived 
directly  and  shows  the  relationship  of  total  forage  consuanp- 
tion  X^  measured  in  terms  of  pounds  of  hay  to  total  grain  con- 
suinption  Xj  per  100  pounds  of  beef.^'  Forage  and  grain  forms 
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TABLE  4 


RELATIONSHIP  OF  ONE  POUND  OF  DAILY  GAIN 
TO  HAY  AND  GRAIN  EQUIVALENTS 


Feed  C(»Bbinations      Marginal  rate   Pounds  hay  required 

to  Produce  1  Pound  o£  substitution  to  replace  1  pound 

gain  per  head  per  day  (pounds  o£  grain      of  grain 

replaced  by  1 

Pounds  of     Pounds  of  pound  of  hay) 

Hay  Grain  dO 

dH 


.79 

1.12 

4.11 

43.47 


10 

12,80 

1.2545 

19 

7.24 

.8922 

20 

4.48 

.2433 

25 

3.94 

.0230 
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vere   similar  in  this  study.  As  in  the  Hea<^  study,  all  lots 
of  cattle  vexe   purchased  in  the  fall.   In  his  experiment  the 
cattle  were  wintered  on  the  same  growing  ration  until  tha 
beginning  of  tlie  pasture  season  in  May.  Where  his  study  derived 
the  product  contour  for  100  pounds  gain,  this  study  was  based 
on  average  daily  gain  per  head. 

The  contour  equation  in  the  Iowa  e^qperiment  is  given 
below,  where  X^  refers  to  hay  and  X^  refers  to  grain  required 
for  100  pounds  of  gain.  The  equation  listed  was  selected  in 
the  sense  of  statistical  probability  over  others. 
Xj  -  111.15  -  .4219Xj^  4  ,0000686Xj^^ 
"In  production  of  100  pounds  of  choice  beef  on 
yearling  steers  it  was  found  that  1  pound  of  hay 
replaced  .367  pounds  of  grain  in  a  ration  consisting 
of  400  pounds  of  hay  and  953  pounds  of  grain.   It 
replaced  only  .0102  pounds  of  grain  in  producing 
the  same  quantity  of  choice  beef  with  a  ration 
containing  3000  pounds  of  hay  and  463  pounds  of 
grain. -^^ 


^Qlbid..  p.  893. 
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TABLE  5 

SUBSTITUTION  RELATIONSHIPS  IN  THE  PRODUCTIOM 

OF 

CHOICE  B££Fa 

P«ed  corabinations  for 

Marginal  rate 

Pounds  of  hay 

producing  100  pounds 

of  substitution 

required  to 

of  beef 

of  hay  for  grain 

replace  1  pound 
of  grain 

Lbs.  of  Hay  Lbs.  of  Grain 

x^       *a 

(1)          (2) 

(3) 

(4) 

400         953.4 

.3670 

2.72 

600         882.7 

.3396 

2.86 

800         817.5 

.3121 

3.21 

1,000         757.9 

.2847 

3.51 

1,200         703.7 

.2572 

3.89 

1,400         654.0 

.2298 

4.35 

1,600         611.8 

.2023 

4.95 

1,800         574.00 

.1749 

5.71 

2.000          541.8 

.1474 

6.80 

2,200         515.1 

.1200 

8.33 

2,400         493.8 

.0925 

10.99 

2,600         478.0 

.0651 

15.38 

*ihJLfl.,  p.  894. 
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The  results  of  Heady *s  study  plotted  in  Figure  10  com~ 
pare  with  this  research  when  wa  considered  that  in  both  cases 
me   are  dealing  with  an  elasticity  of  production  of  less  than 
1.0.   It  was  noted  earlier  in  Figure  8  and  Figure  9,  the  1 
pound  iso-<[uant  becomes  nearly  inelastic  or  nearly  parallel 
to  the  horizontal  axis.  This  can  be  explained  by  the  fact 
that  the  experimental  data  contained  few  cases  %^ere  any 
grain  ^nas   fed  to  lifter  weight  steers  and  there  were  no  cases 
analyzed  vdiere  grain  was  fed  without  roughage.   Since  beef 
cattle  are  ruminants,  it  can  be  expected  that  the  rate  at 
Kirhich  grain  substitutes  for  roughage  would  be  much  less  than 
for  other  livestock  were  the  cattle  ration  to  start  froai  grain 
alone.  Actual  production  is  represented  by  systems  varying 
all  the  way  between  a  beef  steer  which  utilizes  forages  alone 
to  drylot  feeding  operations  which  include  steers  fed  three 
times  as  much  grain  as  forage. 

DETERMZNATZCW  OF  ECONOMIC  REIATICXHSHIPS 

The  data  derived  through  the  previously  explained  analy- 
sis of  physical  relationships  are  used  with  feed  price  rela- 
tionships to  specif  least  cost  combinations.  As  with  the 
information  gained  earlier  from  this  research,  it  is  necessary 
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to  determine  v^ether  the   feeds  do  substitute   for  each  other. 

» 

Equally  important  it  is  necessary  to  determine  the  rates  of 
substitution  and  whether  rates  are  constant,  increasing,  or 
decreasing.  As  indicated  earlier,  the  feeds  substitute  at 
a  diminishing  rate.  The  cattle  producer  desiring  a  least 
cost  ration  would  equalize  the  marginal  rate  of  feed  substi- 
tution with  the  price  ratios  of  the  feeds.  The  optimum  degree 
of  efficiency  is  then  dependent,  to  a  large  degree,  on  the 
technical  relationships  between  input  and  outputs  for  each 
factor  and  any  technical  conditions  of  complementary  or  supple- 
mentary for  factors  when  used  in  combinations.^^  Therefore, 
the  producer  is  interested  in  two  types  of  information  (1) 
the  feed  substitution  ratios  and  (2)  feed  price  ratios. 

Table  6  shows  typical  price  ratios  of  feed  during  the 
period  studied  1948-1958.  Actual  prices  are  indicated  in 
Appendix  Table  4  Ti^ich  are  averaged  in  Appendix  Table  5. 
Appendix  Table  6  shows  the  actual  price  ratio,  i.e.  numbers 
1  through  7  in  Table  7,  corresponding  to  the  various  lots  of 
steers  studied  in  this  analysis. 


29 

Heady,  ^  ai#  2R»  SlL» »  P-  949. 
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TABLE  6 


PRICE  RATIOS  DETERMINED  IN  DOLLARS  PER  POUND  OF 
GRAINAOUGHAGE  DURING  TEN  YEAR  PERIOD.  ^ 


Ratio  Number 

1 


.020/, 012 
.021/. 013 
.022/. 014 
.023/. 015 
.024/. 016 
.025/. 017 
,020/. 005 


United  States  Department  of  Agriculture,  Agricultural 
iPrACg§>  (Washington*  Government  Printing  Office),  1946-1958. 


Based  on  the  1  pound  iso-product  curve  derived  in  this 
stu(^,  and  using  the  extreioe  range  in  price  ratios  (Table  6), 
substitution  of  grain  for  hay  is  economically  and  physically 
possible.  Within  the  range  of  prices  this  would  be  a  ration 
of  4  to  5  pounds  of  grain  equivalent  with  about  19  pounds  of 
roughage  equivalent  at  one  extreme,  to  a  ration  of  9  pounds 
of  grain  and  12  pounds  of  roughage  at  the  other  extreme 
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(Figure  9) •  The  rations  containing  the  largest  proportion 
of  grain  to  roughage  appear  to  be  appropriate  to  the  heavier 
weight  cattle,  i.e*  700  pounds. 

In  the  end,  the  producer  roust  make  two  decisions  in 
wintering  steers s   (1)  the  ration  £ed  £or  any  one  level  o£ 
production  or  output  (the  feed  substitution  problem)  and  (2) 
the  antount  of  the  best  ration  to  fied  the  animal  and  the 
zoarketing  v;eight  or  level  of  production  to  be  attained. 

Zn  this  study,  substitution  of  grain  for  roughage  is 
possible  and  the  narginal  rates  o£  substitution  are  decreasing. 
The  iBinimuiB  cost  cosabination  will  be  at  the  tangency  of  the 
iso-cost  line  respective  to  the  iso-product  line  or  when  the 
slopes  of  the  t%«o  lines  are  equal  and  the  substitution  ratio 
equals  the  inverse  price  ratio. 

The  substitution  ratios  are  compared  to  the  price  ratios 
in  determining  rations  vAiich  give  the  lowest  feed  cost  per 
pound.   Feed  cost  of  producing  any  gain  or  output  per  animal 
is  at  a  minimum  *S\en  the  feed  substitution  rate  is  inversely 
equal  to  the  feed  price  ratio.   In  the  following  equations 
the   sign  refers  to  "change  in"  and  hence  6  refers  to  the 
change  in  the  grain  feeds  and   H  refers  to  the  change  in 
roughage  feeds.  P.  refers  to  the  price  of  hay  and  P_  to  the 
price  of  grain. 
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2j  V  G   PgAh       2b  (  H)  (Ph)    {  G)  (Pg) 
3jj  V  6   PgAu        3i,  (  H)  (P^)    (  6)  (Pg) 

In  explaining  the  above  equations,  3/    G   refers  to  the  rate 
of  substitution  of  grain  for  roughage  (the  sunount  of  roughage 
replaced  by  each  unit  of  grain) .   Equations  1^   and  1.  Illus- 
trate that  when  the  rate  of  substitution  of  grain  for  hay  Is 
equal  to  the  Inverse  price  ratio,  the  value  of  grain  needed 
to  replace  roughage  is  equal  to  the  value  of  roughage  replaced. 
Equations  2g^   and  2^  Indicate  that  vlhen   the  substitution  rate 
of  grain  equivalent  for  roughage  equivalent  is  greater  than 
the  Inverse  price  ratio  of  the  grain  to  roughage,  grain  should 
be  substituted  for  roughage.  This  equation  more  nearly  illus- 
trates the  expected  results  of  the  research.  The  amount 
spent  on  grain  is  less  than  the  value  of  hay  replaced.  ^^ 

For  every  change  in  the  price  ratio,  a  different  combina- 
tion of  feeds  will  give  the  least  cost  combination,  if  substi- 
tution is  at  a  diminishing  rate.^^  If  the  reverse  price 
relationship  existed,  it  would  appear  to  be  more  economical 
to  feed  higher  levels  of  roughage.   Factors  that  must  not  be 


Head/,  st  Ai.  StR'   £it*«  P»    910. 

31 

Heady  and  Olson,  fl£.  clt..  p.  928. 
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overlooked  in  an  Interpretation  of  these  results  are  the 
length  of  tiiae  necessary  to  produce  the  gain  and  the  type  of 
gain  placed  on  them. 

The  path  of  the  laost  profitable  ration  for  increasing 
feed  inputs  and  gain  is  called  the  expansion  path.  Since  the 
relationship  of  feed  inputs  for  gains  other  than  1  pound  v«re 
not  presented,  the  eacpansion  path  is  mentioned  only  because 
of  the  similarity  of  the  1.0  pound  iso-quant  the  results  of 
the  lova  study.  The  results  of  this  research  indicate  that 
physical  and  economic  substitution  of  grain  for  hay  does 
occur  within  the  appropriate  boundaries  of  the  production 
surface  and  considering  the  range  of  prices  occurring  during 
the  ten  year  period.   In  all  cases  presented,  the  producer 
is  faced  with  a  production  function  having  an  elasticity 
coefficlenty  less  than  1.0.^^ 

When  comparing  prices,  it  is  assumed  that  all  costs  of 
grinding  and  feeding  are  the  same  for  all  feeds.  Also  some 
feeding  operations  require  storage  of  grain  for  a  relatively 
long  time.  Variations  in  storage  are  assumed  equal. 

^^Heady,  si-  ai.#  fiE.  £At.,  p.  936. 


CH2VPTER  V 

SUMMARY 

In  sumniary,  this  study  has  attempted  to  show  the  eco- 
nonic  in^licatlons  of  roughage  and  grain  substitution  in  beef 
cattle  wintering  rations.  The  statistical  prograiaroing 
resulted  in  information  frora  thirty-nine  lots  of  cattle  for 
a  ten-year  period,  with  a  comparison  of  the  variables  roughage 
and  grain  to  rate  of  daily  gain  per  head.  Pron  these  initial 
thirty-nine  lots,  information  from  twenty-one  was  used  to 
plot  the  scattered  production  surface  for  graphic  weight 
interval  analysis.  The  graphic  analysis  of  fifty  pound  weight 
intervals  was  inconclusive  due  to  an  apparent  high  degree  of 
variation. 

A  laathesaatical  regression  equation  was  derived  for  daily 
gain  per  head.  Within  the  logical  boundaries  of  the  produc- 
tion surface,  the  1  pound  iso-product  curve  falls  within  the 
reals  of  expectations  and  allowed  roinintiis  cost  combinations 
to  be  determined. 

Any  such  analysis  is  complicated  by  difficulties  in 
keeping  all  other  variables  constant.  However,  all  lots 
studied  v?crs  "control"  lots,  i.e.  received  no  experimental 
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treataeot.  Experimental  cattle  ara  purchased  with  intentions 
of  maintaining  a  high  degree  of  uniformity  and  statistically 
there  was  no  significant  between-year  variation.  It  is  recog- 
nized that  only  a  short  span  of  growth  is  considered  in  this 
research  in  respect  to  the  complete  production  span  for  cattle 
froro  fcirth  to  finished  weights.  The  segnent  is  concerned 
with  weights  from  450  pounds  to  700  povmds  and  is  restricted 
to  wintering  type  of  rations. 


APPENDIX   Z 
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APPENDIX  TABLE  2 

BUY   AMD  ©IAIN  EQUIVALEMTS  UTILIZED 

IN  TWENTJf  ONE  LOTS 

IH  RELATION  TO  PIFTST  POUND  WEIGHT  INTERVALS 

Lot 

Weight 

Total  Feed 

Consumption 

Feed  Cons uiopt ion 

Ko. 

Interval  . 
of  Feeder 

/lb. 

Gain 

Hay 

Orain 

Bay 

Grain 

£teer 

Equivalent  Equivalent 

Equivalent  Equivalent 

(Povinds) 

(Pounda) 

(Pounds) 

(Pounds) 

(Pounds) 

1 

400-450 

228.5 

0 

4,57 

450-500 

404.0 

0 

8.08 

500-550 

653.5 

0 

13.07 

2 

400-450 

252.5 

0 

5.05 

450-500 

109.5 

0 

21.90 

3 

400-450 

581.2 

0 

1.60 

450-500 

402.0 

0 

17.50 

4 

400-450 

224.0 

0 

4.48 

450-500 

1145.0 

22.90 

500-550 

1221.5 

24.43 

5 

400-450 

260.5 

5.21 

450-500 

1090.0 

21.80 

11 

400-450 

360.0 

7.20 

450-500 

390.0 

7.80 

500-550 

424.0 

8.48 

550-600 

470.0 

9.40 

12 

400-450 

574.0 

11.48 

450-500 

475.0 

9.50 

500-550 

732.0 

14.65 

550-600 

499.5 

9.99 

13 

400-450 

450.5 

96.5 

9.01 

1.93 

450-500 

388.5 

66.5 

7.77 

1.33 

500-550 

375.0 

70.0 

7.50 

1.40 

550-600 

426.5 

75.0 

8.53 

1.50 
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APPENDIX  TABLE   2  -  CONTINUED 

HAY  AND  GKAIN  EQUIVALENTS   UTILIZED 

IN  TWENTSf  GBE  LOTS 

IK  RELATION  TO  FIFTY  POUND  WEIGHT    INTERVALS 

Lot 

Weight 

Total  Peed 

Consumption 

Feed  Consumption 

No. 

Interval  _ 
of  Feeder 

/lb. 

^iJtilX 

Hay 

Grain 

Bay 

Grain 

Steer 

Equivalent  Equivalent 

Equivalent  Equivalent 

14 

(Founds) 

(Pounds) 

(Pounds) 

(Pounds) 

(Pounds) 

400-450 

278.5 

145.0 

5.57 

2.90 

450-500 

250.0 

96.5 

5.00 

1.93 

500-550 

332.0 

133.5 

6.64 

2.67 

550-600 

306.5 

122.0 

6.13 

2.44 

600-650 

452.5 

157.0 

9,05 

3.14 

50 

400-450 

463.3 

f 

9.26 

0 

450-500 

624.0 

0« 

12.48 

t 

52 

400-450 

401.0 

75.7 

6.02 

1.51 

450-500 

406.5 

69.0 

8.13 

1.38 

500-550 

536.0 

87.7 

10.72 

1.75 

53 

400-450 

297.0 

106.5 

5.94 

2.13 

450-500 

377.0 

139.0 

7.54 

2.78 

500-550 

367.5 

137.5 

7.35 

2.75 

550-600 

696.0 

201.5 

13.92 

4.03 

60 

400-450 

158.0 

83.0 

3.16 

1.66 

450-500 

160.5 

147.5 

3.21 

2.95 

500-550 

237.0 

147.0 

4.74 

2.94 

550-600 

184.5 

112.5 

3.69 

2.25 

600-650 

222.0 

152.5 

4.44 

3. OS 

62 

400-450 

155.5 

8S.0 

3.11 

1.70 

450-500 

160.0 

161.5 

3.20 

3.23 

500-550 

211.0 

107.0 

4.22 

2.14 

550-600 

225.0 

130,0 

4.50 

2.60 

600-650 

338.0 

133.0 

6.76 

2.66 
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APPENDIX  lABLS  2  -  CONCLUDED 

BhY  ASD   6SAXN  EQUXVALEMTS  UTILIZED 

IN  TWEIRT  ONE  LOTS 

IN  R£LJ 
Lot   Weight 

\TIC3B   TO  FD 

?TY  POUND  WEIGHT  IHTER¥A 
Consumption    Feed  Con 

LS 

Total  Feed 

suoqption 

Ho.   Interval  . 
of  Feeder 

/lb. 

Gain 

Bay 

Grain 

Hay 

Grain 

Steer 

Equivalent  Equivalent 

Equivalent  Equivalent 

(Pounds) 

(Pounds) 

(Pounds) 

(Pounds) 

(Pounds) 

62h       400>450 

342.5 

0 

6.85 

• 

450-500 

482.5 

0 

9.65 

0 

500-550 

966.5 

9 

19.33 

0 

81    400-450 

248.0 

110.5 

4.96 

2.30 

450-500 

280.0 

121.0 

5.60 

2.42 

500-550 

197.0 

78.5 

3.94 

1.57 

550-600 

376.0 

152.5 

7.52 

3.05 

103   550-600 

300.0 

127.  0 

6.00 

2.S4 

600-650 

300.0 

97.0 

6.00 

1.94 

650-700 

487.5 

71.5 

9.75 

1.43 

104   450-500 

253.5 

119.0 

5.07 

2.38 

500-550 

219.5 

126.0 

4.39 

2.52 

550-600 

191.5 

115.0 

3.83 

2.30 

600-650 

277.5 

152.0 

5.55 

3.04 

650-700 

218.0 

123.5 

4.36 

2.47 

90    450-500 

245.5 

115.0 

4.91 

2.31 

500-550 

221.5 

127.5 

4.93 

2.55 

550-600 

194.5 

117.5 

3.89 

2.35 

600-650 

369.0 

192.0 

7*38 

3.84 

.■  ■  •    '/(■■''• 
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AFPI8DZX  Z&BLE  3 
STATISTICAL  CC^FFICHHTS  FCSt  TBE  THREE  EQmTIOBS   USED 


a  ^1  -^2 


1.  y  =  a  H"*  G" 

a  ■  2.1013 
hj*  •.1452434 
bj"  .05381521 

2.  Y  «  a  *  bjE  4  bjO  +  i>z^   ♦  1»4«^  ♦  ^^^^   (39  otoservationa) 

a  ^  .706533 
bj  =  -.007513 
b2  •  .495437 
bj  *  .00194752 
b4  =  -.018580 
b5  »  -.0243568 

r(5«33)  ■  38.178395 

tf  •   .0008541722 
t^  •  4.8499217 
tj  «  .023751207 
t4  «   .340852031 
tg  =  2.3152031 

R^  «  .85260716 
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fiy  a  .039944787 
2  s  .066081719 


^1 


S^  «  .050610676 
S^  «  .00015969015 
S^  s  .00064767 
sf  B  .0002562426 


3.  Y  B  a  4  b^H  +  bjG  *  bj  « 

a  »  .69349690 


]»2«  .01485515 


bj*  .30355790 
b3«  .17508960 
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APPENDIX 

TABLE  6 

f 

PRICE  RATIOS 

C0RR£SP(»}DIM6 

TO 

VARIOUS  LOTS  OF  STEERS  STUDTF.D 

UJt   NUMBER 

PRICE  RATIO 

NUMBER 

PRICE  RATIO 

«!• 

l«;ollcirs/lb.) 

1 
2 
3 
4 
5 

.020/.  005 
.020/. 005 
.020/. 005 
.020/. 005 
.020/. 005 

11 
12 
13 
14 

.020/. 012 
.020/. 012 
.020/. 012 
.020/. 012 

20 
21 
22 
23 

.020/. 005 
.020/. 005 
.021/. 013 
.021/. 013 

40 
41 
42 
43 

.022/. 014 
.022/.  014 
.021/. 013 
.021/. 013 

50 
51 
52 
53 

.021/. 013 
.020/. 012 
.021/. 013 
.022/. 014 

60 

62 

62A 

70 

71 

72 

.022/. 014 
.022/. 014 
.020/. 012 
.020/. 005 
.020/. 005 
.020/. 005 

M 
81 
•2 

.021/. 013 
.020/. 005 
.020/. 005 

84 


APPEHSIX  TABLE  6  -  C01iCLU]3£O 
PRICE  RATIOS  CORRESPQlirDIBG  TO  VARIOUS   LOTS  OF  STEERS   STimiED 


LOT  mMBER 


PRICE  RATIO  KTCMBER 


PRICE  RATIO 
(Dollars/lb.) 


90 
91 

101 
103 
104 
106 
107 
108 
109 


.020/. 012 
.020/. 005 

.020/. 005 
.022/. 014 
.024/. 016 
.025/. 017 
.023/. 015 
.024/. 016 
.024/. 016 
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LE^T  SQUARES  DETERMUHIATION  OF  REGRESSION  COEFFICIENTS 

From  the  least  squares  theory,  the  two  partial  regression 
coefficients  are  calculated  by  a  pair  of  simultaneous  normal 
equations. 


''l\l.2  *  *l*2*iy2.1  '  *iy 
''l''2*'yl.2  *  ^2^2.1  ■  *2y 
b  ,   =  <  ^.^)  <  ^iV)  -  (  ^.x,)  (  x,y) 


«  (  3c^^)  (  X2y)  ~  (  x^x^)  (  x,y) 

1^2^ 


'^2-^   (  x^-^)  (  X22)  -  (  x^X2)2 


Solution  of  these  simultaneous  normal  equations  yielded 
the  following  correlation  matrix* 

1  -.4304      .8674 

-.4304        1       -.4501 
.8674     -.4501        1 

and  respectively  the  following  inverse  of  the  correlation 
matrix: 

1.2273      .5282 
.5282     1.2273 
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To  derive  the  specific  values  o£  the  partial  regression 
coefficients,  a  Table  of  Cij  is  set  up  as: 

1  .0156      .0061     14.6429 

2  .0061      .0128     -8.3545 
b      .1175     -.0176 

Reading  directly  frosa  this  table,  the  respective  values  for 
the  partial  regression  coefficients  are; 


b^  =   ,1775 
b2  «  -.0176 


The  value  of  the  constant  term  on  the  Y  axis  intercept 
point  equals  1.2503.   Sxibstituting  in  the  original  regression 
equation  v«  get  the  following  specific  multiple  linear  regres- 
sion equation  asx 

Y  ■  1.2503  4  .1775  X^  -  .0176  Xj,  where  X^  »  (xj^-x^) 
and  X2  ■  (X2  -  X2) . 

An  analysis  of  variance  for  multiple  linear  regression 
gave  the  following! 


Due  to  regression    2   2.7462   1.3731   44.01** 

Deviations  about    27    .8656    .0321 
Regression 


T9tiA 


These  values  %«8re  calculated  as: 


SS  Due  to  Regression 

r2  yi^  »  b^  x^y  +  b^  x^y 
=  2.7462 
Total  SS  =   yi^  -  3.6118 
SS  Deviations  about  Regression 


yi^  -  R^  yi^  =  3.6118  -  2.7462  =  .8656 

'  yi^  -  2.7462 
yi^J     3.6118 


„2   R^  yi^  -  2.7462  .   ,^„, 
where  R^  «  t^ —  =  ^  ^,,^  =  .7603 


The  significant  values  therefore,  for  the  variance  connec- 
ted for  years,  are  foxmd  from  the  above  calculations  as: 

R^  ■  Coefficient  of  Determination  =  .7603 

R  ■  Multiple  Correlation  Coefficient  "   .8720 

The  variance  of  the  estimate  s^    =  *     •  .0321. 

Another  analysis  of  variance  for  multiple  linear  regres- 
sion was  run  giving  the  following  results  for  unconnected  years 
data: 
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R   (Uncorrected  for  years)  =  .8358 

2 

By  siibstractlng  the  R  obtained  on  an  analysle  of  variance 

2 
uncorrected  for  years  from  an  analysis  of  variance  R  corrected 

for  years,  we  find  the  difference  Q  ^  .0755: 

2 

R   (imcorrected  for  years)  *■  .8358 

R^  (corrected  for  years)   •  .7603 

.0755  or  7.55%  accountable 


for  years.  To  test  the  significance  of  years  in  o\ir  statisti- 
cal analysis,  an  analysis  of  variance  table  czm  be  set  up  as 
follows  illustrating  the  influence  of  years  on  the  rate  of 
gain. 

APPEHDIX  TABLE  7 


STATISTICAL  ANALYSIS  OF  VARIA19CE 


MULTIPLE  REGRESSION  ANALYSIS 


SOURCES    DEGREES  OF  FREEDOM   SQUARES    MEAN         £ 

SQUARE 

Years                9  .0755  .0084   1.38157  ns 

Within  Years          2  .7603  .3802 

About  Regression .2jL  .1642  .00608 

38  1.0000 
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The  significance  of  the  coefficient  -.0176  vras  tested 
by  use  of  the  "t"  test,  the  formula  for  vdiich  is  as  follows  i"** 

t  -  — .         ,  where 
s/  n 


X  is  the  sample  saean  as  the  sum  of  the  observations 
successively  divided  by  the  nvunber  ssunpled.   In  this  case 
372.71  ♦  39  =  9.566. 

is  the  estimated  sample  mean  in  this  case  -.0176. 

s/  n  is  the  sample  standard  error.   It  is  found  by 
first  determining  the  square  root  of  the  deviations  about 
regression  and  dividing  by  the  sample  number.   In  this  case 
372.71  =  19.31  *  39  =  .4951. 

Hence,  "t"  •  9.566  *  .0176  ♦  .4951  or  19.3382.  By 
comparing  the  distribution  of  "t",  we  find  the  probability 
is  less  than  .001  of  a  "t"  larger  or  smaller  than  3.551. 


35 

Snedecor,  og.  cit..  p.  46, 
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Cattle  feeders  in  the  Great  Plains  area  have  expressed 
a  need  to  determine  empirically  tlie  economic  relationship  of 
roughage  and  grain  iioputs  in  wintering  beef  steers,  lihile 
the  source  of  roughage  and  grain  is  abundant  in  Kansas,  there 
is  little  knowledge  of  the  econoraic  relationship  with  regard 
to  certain  physical  input-output  relationships.   In  order  to 
determine  the  maxiiDuia  efficiency  in  wintering  rations,  it  is 
necessary  to  (tetermine  the  production  function  to  later  be 
conpared  with  price  relationships. 

Research  in  this  study  was  based  on  data  fr<»B  ten  years 
of  wintering  esqperiments  published  in  Feeders*  Day  Progress 
Reports  from  Kansas  State  University  and  from  feeding  records. 
This  data  were  used  in  a  regression  analysis  of  average  daily 
gain,  statistical  tests  indicated  no  significant  year  to 
year  variation.  The  objectives  of  the  study  were  to  derive 
(1)  the  production  function,  (2)  the  iso-product  relationships, 
(3)  the  marginal  rates  of  substitution,  and  (4)  a  least  cost 
feed  combination.  A  graphic  analysis  was  attempted  to  deter- 
mine input-output  relationships  associated  with  different 
weight  levels  but  this  produced  apparent  inconclusive  results. 

A  mathematical  regression  equation  was  derived  for  gain 
per  head  per  day.   Using  a  quadratic  equation,  an  iso-product 
curve  vsis   computed  for  1  pound  daily  gain,  indicating  diminishing 


narginal  rates  o£  substitution.  Physically  it  was  found 
that  grain  will  substitute  for  roughage  in  a  beef  wintering 
ration  within  the  boundaries  of  the  data  observed. 

By  fitting  the  price  ratio  existing  during  the  tint 
studied  to  the  iso-product  curves,  a  minirouia  cost  combination 
was  determined.  Since  none  of  the  rations  studied  contained 
grain  alone,  the  data  indicates  a  combination  of  hay  and  grain 
is  economically  feasible.   It  also  is  logical  from  a  physio- 
logical standpoint. 


